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INTRODUCTION 
The effective life of timher hridges is often shortened hy decay of timher 
components and failure of timher connections. Consequently, periodic 
inspections must he carried out to identify potential prohlems. Reliahle 
methods for in-situ assessment of the strength and degradation rate in terms 
of strength loss over a period of time are essential for maintenance and 
rehahilitation of wooden hridges. A nondestructive technique such as 
ultrasonic measurement and testing has heen found to he more accurate than 
the conventional practice of visual inspection for assessing the condition of 
wooden memhers. Ultrasonic measurements have shown considerahle promise 
in determining the stiffness and strength of wood memhers hy identifying the 
presence of defects such as knots and decay [1,2,3]. Experimental results have 
shown significant differences hetween the velocities of ultrasonic signals in 
defect-free areas and areas with knots, decays, and other localized defects [4]. 
Halahe et al. [5,6) has shown that frequency domain signal amplitude and 
wave attenuation measurements, when used in conjunction with time domain 
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velocity measurements, can be much more accurate and reliable than simply 
using velocity measurements in predicting stiffness and condition of wood. Use 
of simple parameters such as area under FFT amplitude plots or power 
spectral density plots can greatly simplify comparison of various signals in the 
field. 
The purpose of this paper is to present recent research developments using 
ultrasonic measurement techniques when dealing with in-situ condition 
assessment of structural members in a historic timher bridge. The topics 
discussed in this paper include the development of a portable ultrasonic 
measuring instrument and its field implementation. 
BASIC PRINCIPLE: WAVE PROPAGATION IN WOOD 
Wood is an inhomogeneous, anisotropic, highly porous, and attenuative 
material with naturally occurring defects (e.g., knots) and other defects (e.g., 
decay) caused due to exposure to field environment. As shown in Figure 1, wood 
has three major axes: longitudinal, radial, and tangential. Most of the 
ultrasonic NDE applications to wood involve velocity measurements which are 
closely associated with the material anisotropy. Figure 2. shows a typical set 
up for ultrasonic wave measurement. 
Figure 3 shows ultrasonic signals from clear and decayed southern yellow 
pine samples in the tangential direction. These samples came from a single 
piece of wood which was used as part of a bridge for 18 years. Portions of the 
wood evidenced decay due to exposure to field conditions. lt can be seen from 
Figure 3 that the transit time taken through decayed wood in the tangential 
direction is greater than that in the clear wood (over a constant travel distance) 
which directly corresponds to a difference in propagation velocities. Figure 3 
also shows that the amplitude of the signal through clear wood is greater than 
the amplitude transmitted through the decayed area. 
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Figure 1. Three perpendicular axes in wood. 
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Figure 2. Typical set up for ultrasonic wave propagation through medium. 
FFT magnitude plots corresponding to the time domain signals in Figure 3 
are shown in Figure 4. lt is noted that there is a significant difference (by an 
order of magnitude) between the amplitude of the signals from good and 
decayed wood when compared to the difference in time delay (about 34%). 
Figure 4 also shows that the higher frequency components of the ultrasonic 
signal attenuate more than the lower frequency components while traveling 
through the decayed wood. Figure 5 shows a cumulative plot of the area und er 
the FFT curves shown in Figure 4. Again, the difference in total area under the 
FFT plot for the samples containing clear and decayed wood is approximately 
500%. This is in contrast to a difference of 34% when comparing propagation 
velocities through the same areas. 
DEVELOPMENT OF ULTRASONIC INSTRUMENT 
To facilitate field collection of data and interpretation of results, a self-
contained, portable instrument incorporating equations relating ultrasonic 
wave velocity to stiffness properties and signal amplitude to condition of wood 
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Figure 3. Received ultrasonic signals through clear and decayed samples in the 
tangential direction using 250kHz sensors. 
1785 
--
-:z:: !6 
E 
~ 
i 
-
1786 
0 .01 
0 .008 
0 .006 
0 .004 
0 .002 
500 
400 
300 
200 
100 
0 0 
Clearwood 
Decayed wood 
Figure 4. FFT magnitude plots of ultrasonic signals. 
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Figure 5. Cumulative plot of the area under the FFT curves. 
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Figure 6. The block diagram of the instrument. 
is required. In response, the Constructed Facilities Center at West Virginia 
University has created a timher material properties monitoring instrument 
designed specifically to address the needs of field use. A block diagram of the 
instrument is depicted in Figure 6. 
The instrument, based on a portable PC AT compatible computer, measures 
ll"x5.25"xl.75" and is shown in Figure 7. The computer system generateshigh 
voltage pulses suitable for the ultrasonic transducer and analyzes the incoming 
signal from the ultrasonic receiver. The computeralso accepts user input for 
parameters such as travel distance, density of wood and Poisson's ratio. The 
instrument, when connected to ultrasonic sensors, measures the travel time of 
the uHrasonie wave through wood and then calculates parameters such as 
ultrasonic wave velocity, longitudinal modulus of elasticity (MOE), modulus of 
rupture (MOR), ultimate compressive strength (UCS) and ultimate tensile 
strength (UTS) for the given wood. The MOE is computed directly from the 
wave velocity while other parameters (MOR, UCS, and UTS) are computed 
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Figure 7. Portable Instrument. 
1787 
hased on regression equations for various species which are incorporated in the 
instrument. The device also determines signal amplitude in the frequency 
domain. The signal amplitude can he related to the presence of defects and 
Ievel of degradation in a given timher memher. The frequency domain analysis 
introduces added sensitivity to the ultrasonic velocity measurements and aids 
in the detection ofknots and defects. Note that the MOE and MOR values are 
valid only if the measurements are made in the longitudinal direction. 
In contrast, velocity measurements and frequency domain signal amplitude 
measurements made in the transvers'e direction can also he used for defect 
detection. 
ULTRASONIC FIELD TESTING 
The portahle ultrasonic device was used in the field testing on Salt Creek 
hridge, Ohio. The hridge shown in Figure 8 is one of the oldest timher hridges 
in the U.S. and was huilt in 1876 using White Oak. This is the only hridge with 
Warren truss construction of all the existing covered timher hridges in Ohio. 
The hridge spans 104 feet making it one of the Iongest clear span timher 
hridges in the state of Ohio. The main framing consists of two Warren trusses 
with the top chords made up of two memhers. 
An ultrasonic field test was performed on the upper truss chords in the 
Spring of 1996. The ohjective of the ultrasonic testing was to assess the 
integrity of the upper truss chords for repair and renovation, and, at the same 
time, evaluate the effectiveness of the instrument und er field conditions. 
Velocity and frequency domain measurements were conducted in the 
transverse direction using the through-transmission technique in the top inner 
and outer chords. Figure 9 shows the sensor position for the through-
Figure 8. Salt Creek Covered Bridge, Ohio. 
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Figure 9 Sensorposition for the through-transmission mode and the spring 
loaded quick grip clamp. 
transmission mode and the spring loaded quick grip clamp. The constant force 
applied through the clamp was approximately 40 lbs, and the couplant used 
was petroleum jelly. 
The procedure to identify the defective area is as follows: the velocity and 
other frequency parameter such as area under FFT were measured at three 
locations between two successive joints. The results were tabulated based on 
the type of member. The average and standard deviation of the velocity and 
frequency parameters for each type of member were computed to determine the 
range of these parameters for sound wood. For example, in case of top chord 
inner members the average velocity was 5929 ft/sec and the standard deviation 
was 340ft/sec. So locations with velocities below 5589 ft/sec (i.e., about one 
standard deviation below the average) were classified as defective. For 
example, the member U11 U12 (inner chord member, see Figure 10) showed 
velocities of 5399 ft/sec near the right joint and 4925 ft/sec at the center 
location is much lower than 5929 ft/sec. Hence this member was classified as 
structurally weak. Similarly area under the FFT was used as another 
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Figure 10. Location of defects using Ultrasonic testing and sounding. 
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parameter for detecting bad areas specially surface rot. In addition, some 
members were also classified as structurally weak based on visual inspection 
(e.g., presence of cracks). 
The field testing results indicated a high degree of correlation between the 
instrument's predictions of decay/flaws in the timher members with the results 
obtained by an expert using the sounding technique as shown in Figure 10 for 
the North and South trusses. 
CONCLUSIONS 
A portable, ultrasonic, field instrument was designed and developed at the 
Constructed Facilities Center, West Virginia University, for the assessment of 
the condition of members in wooden bridges. Using the instrument, a 
renovation contractor was able to economically plan for the rehabilitation work 
on a historical timher bridge leading to substanthl savings. The instrument, 
which directly displays timher material properties, can easily be utilized by 
field engineers and technicians with little or no knowledge of the ultrasonic 
technique to determine the structural properties of timher members, effectively 
removing many of the problems associated with field assessment of the 
condition of timher bridges. 
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